indigenous to spider monkeys, causing lymphomas and acute lymphocytic leukemias in a similar spectrum of South American primates (12, 20) . Susceptible species include marmosets (Saguinus spp.), owl monkeys (Aotus trivirgatus), and capuchin monkeys (Cebus spp.). Numerous lymphoid cell lines have been derived from H. saimiri-and H. ateles-induced lymphomas; the cell lines originating from these neoplasms have T-cell characteristics (26) . These cell lines generally have produced infectious virus during the first months of cultivation; however, many of the tumor cell lines eventually ceased virus production. Although H. saimiri and H. ateles are genetically closely related and exhibit a similar spectrum of oncogenic properties, their in vitro transforming potentials seem to be different. In remarkable contrast to the tumor-inducing capability of H. saimiri in animals, it has proven difficult to achieve immortalization of lymphoid cells in vitro. On the other hand, H. ateles can transform peripheral marmoset lymphocytes in vitro with reasonable frequency, resulting in continuously growing lymphoid T-cell lines (6, 9) .
DNA-DNA reassociation kinetics have shown that cell lines from H. saimiri tumors contain DNA sequences homologous to both types of virus DNA, repetitive H-DNA (70.8% guanine plus cytosine content [G+C] ) and unique L-DNA (36% G+C). This analysis has also indicated that some virion L-DNA sequences may be missing in nonproducer cells (14) . Large covalently closed circular viral DNA molecules persist in tumor cell lines in high multiplicity, as shown by density analyses in gradients and by electron microscopy (17, 27) . Partial denaturation mapping in conjunction with computer alignment of denaturation histograms confirmed that part of virion L-DNA sequences were deleted in nonin-* Corresponding author.
tegrated circular viral DNA of some tumor cell lines (17, 27, 28) . The location of deletions in the L-DNA regions of two tumor cell lines was mapped by Southern blotting with purified virion L-DNA (4) .
In this study, we demonstrate that lymphoid cells can be immortalized in vitro by H. saimiri. Like tumor cell lines, the in vitro-transformed cells contain nonintegrated, covalently closed circular viral DNA molecules in high multiplicity. Different deletions and sequence rearrangements have arisen independently in two different sublines of the in vitroimmortalized cells described in this report; the retained L-DNA segments preserve sequences from the left and right ends of the viral L-DNA region.
MATERIALS AND METHODS
Viruses and cell culture. H. saimiri OMI originated from a case of spontaneous lymphoma in an owl monkey (16); H. saimiri 11 was originally obtained from peripheral lymphocytes of a squirrel monkey (8) . The viruses were grown in permissive owl monkey kidney (OMK) cells (2, 24) and purified from the culture fluids of lytically infected cells (11) .
For transformation assays, monkey lymphocytes were isolated from about 1.5 ml of heparinized blood. Macrophages were removed with iron filings before the blood was layered onto 8 ml of a Ficoll-Hypaque solution with a density of 1.1 g/ml. After a diffusion gradient formed by incubation at 37°C for 60 min, the tubes were centrifuged for 45 min at 440 x g and 20°C. The mononuclear cells forming a visible band were removed, washed twice, and usually seeded with 5 ml of RPMI 1640 medium-10% heat-inactivated fetal calf serum in 50-ml standard plastic cell culture flasks under 8% CO2 at 35°C. For most experiments, squirrel monkey fibroblasts were used as a feeder layer. The flasks were usually kept in a slightly slanted position at a 10°angle. Two days later, the lymphocyte cultures (ca. 107 cells) were infected with cell-free H. saimiri at various multiplicities of infection. Parallel transformation trials were done with H. ateles 73 (7) . Transfection experiments with purified M-DNA of H. saimiri or H. ateles using DEAE-dextran were carried out as reported previously (11) . Usually, small amounts of fresh medium (1 to 2 ml) were added to each culture once a week, until a total volume of 10 ml was reached. Thereafter, 1 to 2 ml of medium was removed weekly and replaced with 1 to 2 ml of fresh media. Cultures were discarded if no continuous growth became apparent within three months. Proliferating cells were grown in RPMI 1640 medium supplemented with 10% heat-inactivated fetal calf serum, 350 ,ug of glutamine, 100 U of penicillin, and 100 ,ug of streptomycin.
Isolation of cellular DNA. Procedures for DNA isolation followed methods described by Kaschka-Dierich et al. (17) . Approximately 108 cells were suspended in 5 ml of phosphate-buffered saline and disintegrated by the addition of 2. (22) .
Nick-repair labeling of cloned DNA and hybridization.
Cloning of H. saimiri 11 DNA in plasmid and bacteripphage lambda vectors has been recently described (19a) . Plasmid DNA was isolated by a rapid boiling technique (15, 19a) . Purification of phage DNA followed standard procedures (19a, 23) . The cloned DNA was labeled with 32P by nick repair (21), and hybridization was performed as described by Wahl et al. (25) . Filters were incubated at 42°C for 16 to 20 h in a solution which contained 50% formamide, 5 x SSC (1 x SSC = 0.15 M NaCl plus 0.015 M sodium citrate), 10% dextran sulfate, 1 x Denhardt solution (0.02% polyvinylpyrrolidone, 0.02% bovine serum albumin, 0.02% Ficoll 400), 100 gig of salmon sperm DNA per ml, and 20 mM sodium phosphate (pH 6.5). Filters were washed three times in 2x SSC-0.1% sodium dodecyl sulfate at room temperature for 5 min each. This was followed by several rinsings in 0.1x SSC-0.1% sodium dodecyl sulfate at 55°C for at least 2 h. Subsequently, the filters were dried and exposed to Kodak X-Omat-S films at -80°C by using intensifier screens.
RESULTS
(i) Establishment Eco RI- Hybridization of 32P-labeled, cloned KpnI fragment B with HindIII-SmaI-cleaved total DNA from H1591 Er yielded the same pattern as the purified DNA of strain OMI, indicating that this L-DNA sequence was fully represented in circular DNA of H1591 Er (Fig. 2) . When 32P-labeled KpnI fragment B was hybridized with blotted EcoRI-SmaI digests of H1591 Er DNA, fragments of 21 kbp and 4.7 kbp were detected; also, KpnI-SmaI digests of H1591 Er DNA yielded a fragment of 30 kbp (Fig. 3) . These sizes were the same as those obtained with appropriate digestion of OMI virion DNA. Thus, these results suggested that sequences from this L-DNA region were present intact in H1591 Er cells and further confirmed that the viral DNA sequences in H1591 Er cells have the cleavage specificity of H. saimiri OMI. Similarly, sequences of the KpnI fragments F, C, and E and the EcoRI fragments F and B from strain 11 were represented in full length in H1591 Er cells. On the other hand, cloned EcoRI fragments H, D, I, and E from strain 11 did not hybridize with EcoRI-cleaved H1591 cellular DNA (Fig. 3) , indicating that this section of L-DNA was missing in the circular viral DNA. The data shown in Fig. 3 also demonstrated that the DNA sequences that were deleted in nonintegrated circular DNA were also not represented detectably in the linear (cellular) DNA fraction.
Digestion of H1591 Er DNA with EcoRI yielded a fragment of 12.4 kbp with 32P-labeled cloned EcoRI fragments G and C as the hybridization probes. Similarly, digestion of A a b -15 -10 H1591 Er DNA with KpnI-BstEII yielded a fragment of ca. 25 kbp when either EcoRI fragment C or G was used as the hybridization probe (Fig. 4) . This indicated that parts of EcoRI fragments C and G were fused in the circular viral molecules of H1591 Er cells, owing to a deletion of 41.8 kbp.
The structure of H1591 Er L-DNA with map positions of the internal deletion is represented schematically in Fig. 5A .
(iii) Structure of viral DNA from subline S of H1591 cells. H1591 cells maintained in the Southborough laboratory continued to produce infectious virus for a longer time period than cells maintained in Erlangen. This prompted us to compare the viral genome structure in both sublines. The Southern blot hybridization data described below showed that the sequence arrangements of viral genomes in the two sublines were very different. The H1591 S subline contained two separate L-DNA segments, each containing a terminal stretch of virion L-DNA that had been duplicated, resulting in inverted repeats. Also, considerably more internal virion L-DNA sequences were deleted in the H1591 S subline.
Hybridization of labeled cloned KpnI fragment B from strain 11 with DNA from H1591 S cells cleaved by HindIIISmaI indicated that the entire sequence was represented in the transformed cells (Fig. 2 , lane e). Cleavage with EcoRISmaI and KpnI-SmaI confirmed for the subline S of H1591 that the cells contained viral L-DNA with the restriction enzyme specificity of strain OMI. The EcoRI-Smal fragment H (4.7 kbp) was accompanied by a relatively weak 5.4-kbp fragment. This is most easily explained by heterogenous methylation of adjacent H-DNA sequences (5) or by heterogeneity in genome structure.
Cloned EcoRI fragment C and KpnI fragments D and E from strain 11 were also found to be completely represented in H1591 S. When, however, the cloned fragments KpnI-C and EcoRI-F, -B, -G, -H, -D, and -I were used as radioactive probes, no homologies were detected in the cell line ( Fig. 3  and 6) . Obviously, the complexity of L-DNA in H1591 S cells was far less than in subline Er, since an even longer segment of DNA was absent. Map locations of this deletion are shown in Fig. 5B .
Attempts to define a fusion product between EcoRI fragments A (left end of L-DNA) and E (right end of L-DNA) failed. When the cloned EcoRI fragment E was hybridized with EcoRI cleaved DNA from H1591 S, a new fragment of about 14.5 kbp appeared (Fig. 7A) ; a fragment of the same size, in addition to a genuine virion DNA fragment, could be identified after EcoRI cleavage and hybridization with the labeled EcoRI fragment C (Fig. 7B) . This indicated possible fusion between EcoRI fragments E and C and duplication of the right end of L-DNA. Cleavage with KpnI-SmaI, KpnI, BstEII-SmaI, BstEII, BamHI-SmaI, and BamHI and subsequent hybridization with the labeled EcoRI fragments C and E gave further evidence for their fusion and the inverted repetition of the L-DNA right terminus. The duplication of right end L-DNA was also confirmed by cleavage with BamHI-SmaI and with EcoRI and subsequent hybridization with labeled EcoRI fragment M (Fig. 7D) . In summary, the results indicated the presence of an inverted repetition of 9.1 + 4.7 kbp within the right L-DNA region; the structure is shown schematically in Fig. SC (Fig. 5C ). This sequence arrangement, together with the structure of the right end L-DNA region indicates that at least 62.6 kbp of virion L-DNA were missing in H1591 S cells (Fig. SB) . (4, 17, 27, 28) . The within EcoRI fragment C of strain 11 near the right end of L-DNA may be functionally related to persistence, transformation, or both, since they code for a 2.5-kilobase, immediateearly RNA which is the most abundant viral-specified polyadenylated RNA in the lymphoid tumor cell line 1670 (19) . These experiments point to an important role for the left-most 15% and right-most 14% of the H. saimiri L-DNA region in lymphoid cell proliferation.
